INTRODUCTION
============

Although breast conserving and oncoplastic techniques are being used with increasing frequency, modified radical mastectomy (MRM) is still an important alternative for the surgical treatment of breast cancer. The most frequent complications seen during the wound healing process of MRM are seroma, surgical site infections (SSI), flap necrosis, and hematoma. These complications may give rise to more serious complications such as wound dehiscence and delay adjuvant treatments by prolonging wound healing process. The surgical instruments used in making skin flaps and dissecting breast tissue with underlying pectoral fascia are related to these complications. Introducing the relationship between surgical instruments used in surgery and wound complications might be one of the basic steps for preventing and decreasing the number of complications. Besides the scalpel, electrocautery has also been used in MRM to decrease bleeding. In recent years, ultrasonic dissector has also been used, which is thought to cause less tissue damage.

The levels of proinflammatory cytokines in wounds or wound fluids can be used as a reliable parameter reflecting tissue damage \[[@B1],[@B2]\]. The biochemical analysis of the seroma fluid after MRM has shown that this fluid is exudate containing immunoglobulins, leukocytes, granulocytes and lymphocytes \[[@B3]\]. In other words, seroma fluid is a suitable material for examining proinflammatory cytokines. This prospective randomized trial was planned to assess the impact of surgical instruments (scalpel, electrocautery, and ultrasonic dissector) used in MRM on wound complications and tissue damage.

METHODS
=======

Eighty-two consecutive patients, surgically treated with MRM between January 2009 and May 2010 were enrolled in our prospective study. The numbers of patients included in the scalpel, electrocautery, and ultrasonic dissector groups were 27, 26, and 29, respectively ([Figure 1](#F1){ref-type="fig"}). After obtaining informed consent, scalpel, electrocautery (Olympus EUS 10; Kyoritsu Electric Co., Shizuoka, Japan) or harmonic scalpel (Ultrasicion® Harmonic Scalpel, Generator 300; Ethicon Endosurgery, Cincinnati, USA) were used individually on each patient to create skin flaps and excise breast tissue with underlying pectoralis fascia. Randomization was arranged sequentially. The postoperative time period needed for vacuum drainage, the amount and duration of seroma, surgical site infection, hematoma, flap ecchymosis and necrosis rates were compared. Patient age, body mass index (BMI), smoking history, breast volume, disease stage, the number of total and metastatic lymph nodes, comorbidities, biopsy type, biochemical tests that may alter wound healing, flap areas, the duration of surgery, and hemorrhage occurring during surgery (measured by sponge numbers and weight) were recorded.

A seroma sample (20 mL) during the first 24 hours of drainage was taken for analysis. The samples were centrifuged at 2,000 rpm for 10 minutes and then stored at -20℃. The levels of tumor necrosis factor alpha (TNF-α) and interleukin-6 (IL-6) were determined. Patients with locally advanced breast cancer who were undergoing neoadjuvant chemotherapy, and the patients who had undergone breast preserving surgery or simple mastectomy were excluded.

Surgical technique
------------------

After a skin incision was made with a scalpel, the skin flaps were lifted up with the help of hooks. In cases in which the skin flaps were prepared by using harmonic scalpel, sharp and curved tips were used on level five during dissection and on level three during hemostasis. All vessels larger than 3 mm in diameter were sealed with ultrasonic dissector. After flap preparation, the ultrasonic dissector was also used for pectoralis fascia and breast tissue removal. Ultrasonic dissector was also used for interpectoral dissection and cutting the head of the pectoralis minor muscle.

Axillary dissection of all patients was performed with scalpel in all patients. Electrocautery was used in coagulation mode within 20 to 30 volt range. The thoracodorsal pedicle and thoracicus longus nerves were preserved. Standard level 2 dissection was carried out in all patients. However, level-three dissection was also performed in patients with macroscopic involvement during surgery. Closed suction drains were used for all patients after hemostasis. Subcutaneous tissue was approximated with absorbable sutures and the skin was closed with subcuticular continuous sutures. Daily drainage volume was recorded and the drains were not removed untill the daily drainage decreased to less than 50 mL. All drains requiring more than 7 days were removed irrespective of daily drainage amount and the patients were instructed to attend arm physiotherapy.

Prophylactic antibiotics were not used in any of the patients. Fluids collected under the skin flaps and axilla that presented clinical findings were accepted as seroma. The presence of erythema, purulent drainage, localized heat increase, cellulitis, pain, redness, sensitivity and related wound dehiscence was regarded as SSI irrespective of the presence of wound culture. While the hemorrhagic drainage at the incision or drains for more than two days were accepted as hemorrhage, the collections made in operation fields with skin colour changes and mass effect were accepted as hematoma.

TNF-α and IL-6 measurements
---------------------------

Samples were collected from drain fluid within 24 hour postoperatively. TNF-α and IL-6 were measured in wound fluid by quantitative ELISA analysis using human TNF-α (hTNF-α) and IL-6 (hIL-6) kits (Biosource International Inc., Camarillo, USA). Monoclonal antibodies specific for hTNF-α and hIL-6 had been coated onto the wells of the microtiter strips provided. Samples, including standards with known hTNF-α content, control specimens and unknowns were pipetted into wells. During the first incubation, antigens bind to the immobilized (capture) antibody on one site. After washing, biotinylated monoclonal antibodies are added. During the second incubation, antibodies bind to the immobilized hTNF-α and hIL-6 captured during the first incubation. Streptavidin peroxidase is added after removing the excess second antibody. This enzyme binds to the biotinylated antibody to complete the four-member sandwich. After a third incubation and washing to remove all of the unbound enzyme, a substrate solution is added, which is acted upon by the bound enzyme to produce color. The intensity of this colored product is directly proportional to the concentrations of hTNF-α and hIL-6 present in the original specimen.

Statistical analysis
--------------------

All numerical data are expressed as mean±SEM. The adverse outcomes in the groups were compared by using the chi-square test. Mann-Whitney U-test, computed with SPSS software program (version 10.0; SPSS Inc., Chicago, USA), was used to evaluate the mean values of continuous variables to assess the statistical significance of inter-group differences. A *p*\<0.05 was considered as statistically significant.

RESULTS
=======

The numbers of patients included in scalpel, electrocautery and ultrasonic dissector groups were 27, 26, and 29, respectively. The groups were homogenous with respect to age, BMI, stage, comorbidities, smoking, biopsy type, breast volume and flap areas ([Table 1](#T1){ref-type="table"}). In comparison with other groups, operation time and bleeding were significantly higher in the scalpel group than the other groups. Seroma incidence was higher in the electrocautery group than the other groups, and arm physiotherapy had to be delayed for this group. There was no difference between groups with respect to hematoma, SSI, ecchymosis, days needed for vacuum drain removal, the amount of seroma on the first postoperative day or total drainage levels ([Table 2](#T2){ref-type="table"}).

Mean TNF-α levels in scalpel, electrocautery, and ultrasonic dissector groups were 283±144, 600±382, and 307±140 pg/mL, respectively. Mean IL-6 levels in scalpel, electrocautery and ultrasonic dissector groups were 1,416±214, 2,484±441, and 1,664±310 pg/mL, respectively. TNF-α and IL-6 levels in electrocautery group were significantly higher ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

Seroma is the most frequent wound complication of MRM and the incidence varies between 30 and 40% \[[@B4]\]. At the beginning, lymphatic channels opened during dissection were blamed to cause seroma formation whereas later on the dead space, the irregular anatomy of the chest wall and flap dislodgement related to arm movements were considered as factors causing seroma formation \[[@B5]\]. In their studies about the pathophysiology of seroma, Watt-Boolsen et al. \[[@B6]\] concluded that seroma is an exudate related to the acute inflammatory response phase of wound healing. Wu et al. \[[@B7]\] also described increased level of vascular endothelial growth factor and decreased level of endostatin as an angiogenesis inhibitor and they suggested that seroma resulted from a physiological angiogenesis cascade of trauma. After the discovery that the decreased excudative phase of wound healing decreases the incidence for seromas, attention has been drawn to the surgical instruments used for a mastectomy.

Electrocautery is used during mastectomy for its ability to decrease bleeding and also been to increase the seroma incidence compared with scalpel. Beside this, other wound complications such as cellulitis, infection, and necrosis have been suggested to increase with electrocautery \[[@B8],[@B9]\]. It has been shown that skin flaps created by scalpel have better tension strength, contain more fibroblasts and collagen and fewer leukocytes and have less wound drainage compared to skin flaps created by electrocautery \[[@B10]\].

The following reasons may be the probable causes for adverse effects of electrocautery on wound healing. Electrocautery uses direct thermal energy that can diffuse into deeper tissues. Although high thermal energy leaves huge amount of devitalized tissues, it also causes lysis of subcutaneous tissues. Thus, the protective effect of subcutaneous tissue disappears. It has also been shown that electrocautery results in thrombosis of subdermal vasculature \[[@B8]\]. However, it has yet to be validated whether electrocautery causes more tissue damage and acute inflammatory response.

Ultrasonic dissector instrument is made up of a disposable cutting device and a generator. Electrical energy generated is converted into mechanical energy by \"piezoelectric crystal system.\" A resonance at 55,000 Hz is produced at the hand unit. This energy is conducted to the tissues as ultrasonic waves and presents as cavitation, coagulation and cutting abilities. This energy penetrates the tissues to a depth of 25-100 µm at five levels.

Most studies on cutting devices used during mastectomies are retrospective and non-randomized. In these studies, ultrasonic dissector has generally been compared to cold scalpel. Although the superiority of ultrasonic dissector to scalpel with respect to wound complications has not be demonstrated, it is obvious that the ultrasonic dissector shortens the operation time by decreasing intraoperative bleeding \[[@B11],[@B12]\]. In a study of 23 patients, Deo et al. \[[@B13]\] compared ultrasonic dissector with electrocautery and there was no difference was observed between the groups with respect to operation time and incidence of seroma. Blood loss and amount of drainage were significantly lower in the ultrasonic dissector group than the electrocautery group. The time needed for drain removal was also shorter in the ultrasonic dissector group.

Adwani and Ebbs \[[@B14]\] employed a pilot study to determine whether ultracision reduces intraoperative blood loss complications and seroma formation. Their findings suggest that acute blood loss was significantly reduced in the harmonic scalpel group compared to the control group. Yet, they detected little difference between the two groups in terms of hospital stay, volume or duration of postoperative drainage or subsequent aspiration of seroma.

Ultrasound scissors have recently been more frequently used as an alternative surgical tool for dissection and haemostasis. Sanguinetti et al. \[[@B15]\] studied the utility and advantages of this instrument compared with electrocautery to perform axillary dissection and found no significant difference in the operating time between the ultrasound scissors and electrocautery group. In contrast, they found that there were significant differences in terms of blood loss, drainage volume, the number of drainage days and seroma rate.

Proinflammatory cytokines play a role in many biological processes such as inflammation, sepsis and wound healing. IL-6 and TNF-α play a key role in the cross-talk between cytokines and they are the most readily measurable ones \[[@B16],[@B17]\]. Cytokines in wound healing process play an important role in initiating, controlling, and terminating of cellular events such as angiogenesis and extracellular matrix formation \[[@B18],[@B19]\]. TNF-α in surgical wound is secreted into the surgical field with the first stimulation of extravasated and activated monocytes and macrophages. Their rise in blood is limited and slow. The minimum level detectable in the blood is 2 pg/mL. IL-6 is secreted from activated monocytes and macrophages and the secretion period and half-life is longer than TNF-α. The minimum detectable level in the blood is 1 pg/mL and its detection in the blood is relatively easier than TNF-α \[[@B20]\]. Although TNF-α levels begin to increase earlier than those of IL-6, both cytokines reach their maximum levels within 24 hours \[[@B21]\]. In the light of these findings, it can be said that IL-6 and TNF-α levels in seroma fluid detected at 24 hour reflect the severity of tissue damage authentically. Besides, as the mastectomy does not have a direct adverse effect on organ functions like liver or kidneys, the inflammation created might be directly attributable to the surgery.

The amounts of cytokines secreted are also being associated with the duration of surgery. It has been postulated that longer operations are associated with higher cytokine levels \[[@B22]\]. It was also shown by Reith et al. \[[@B23]\] and Kristiansson et al. \[[@B24]\] that laparoscopic cholecystectomies with less tissue trauma and shorter duration of surgery induce less cytokine release than open surgery. The high cytokine levels with shorter duration of surgery in electrocautery group of patients makes the accusation about the surgical instrument easier.

In summary, the scalpel increased bleeding and duration of surgery compared with the other two cutting devices. Although the bleeding and duration of surgery was lower in the electrocautery group, the seroma incidence was found to be higher and the start of arm physiotherapy was delayed. Ultrasonic dissector was found to decrease the duration of surgery by diminishing the bleeding without increasing the seroma incidence. High cytokine levels detected in seroma fluids of the patients in the electrocautery group were an indicator of greater issue damage and inflammatory response. Therefore, it can be argued that seroma as a result of acute inflammatory response was observed at higher frequencies in the electrocautery group. Ultrasonic dissector might be influential for closing the small vascular and lymphatic vessels created by hydrogen bond degradation. Moreover, the seroma preventive effect might be related to its ability to induce less of an acute inflammatory response. Perhaps both of these mechanisms work together. Ultrasonic dissector was as efficient as electrocautery in terms of hemostasis and decreasing the operation time yet it is as harmless as scissor in terms of seroma formation. In short, ultrasonic dissector was advantageous compared to the other two devices.
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Characteristics of patients in scalpel, electrocautery, and ultrasonic dissector groups
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NS=not significant; BMI=body mass index; DM=diabetes mellitus.
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The relationship between dissection technique with operation and drain-related outcomes
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SSI=surgical site infections.
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TNFα and IL-6 levels
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TNF-α=tumor necrosis factor alpha; IL-6=interleukin-6.
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